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ABSTRACT 

Nurses are prime users of medical devices in patient 
care and must be aware of four safety issues: safety of the patient, 
the information, the personnel, and the device. Thus, nurses need to 
be able to understand and communicate in the language of 
technological devices. With formal coursework in the use of 
instruments being limited, agency in-service programs t-iught by 
biomedical technicians or manufacturers' representatives have become 
primary sources of information. As nursing care increasingly takes 
place in home settings, nurses have become both primary users of 
devices and primary teachers of patient users. Lack of formal 
education and experience regarding safe use of medical devices has 
led to development of the Abbey-Shepherd Device Education Model. The 
model is designed to be additive, be applicable to all medical 
devices, permit incorporation into ongoing curricula, allow for 
constant updating, and be based upon scientific principles. The model 
covers characteristics of each device, operating principles, common 
use errors, adverse patient reactions, device failures and their 
frequency, safety concerns, device function and safe use, and care of 
instrument. (19 references) (JDD) 
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INTRODUCTION 

Technology first invaded health care with slow measured stej^ related to unique situations, such as, 
kidney failure, respiratory support, central line pressures, and cardiac monitoring- Concurrently, transistors 
allowed miniaturization of devices and promc^ed the development o( high speed electronic computers. 

The speed at which advances in tedmolo©^ pushed science and sdencc-gcncrated technology led to a 
logarithmic curve of inventicwi and discovery, fed by the zest and rewards of successful innovation. 
Technological progress permitted and sustained increasingly "far out" intervention and more complex care. 
The new treatments required more sophisticated instruments and greater monitoring precision as technology 
furnished the means for testing science. Thus, the major outgrowth of the merging of technology and sdence 
is information, at once the essence of knowledge and the power of science. 

With computerization and refmement of physiolo^cal sensors and monitors, technology afforded two 
major thrusts to science and health care. Two slaves, as it were, to provide informaticni to the intellect: that 
of memory and that of extensicm of the sensors, or, respectively, the computers, and monitoring of 
subcutaneous events. The advantages of these technological information slaves are: replicability, 
information, precision, sharing of information through visual or print-out displays, and multiple simultaneous 
event recordings in real time. Thus, mherwise unmanageable and unattainable information for intellectual 
processing was attained and knowledge was generated and became available to medicine and health care. 

In the mid-1960s, regional medical programs became the first nationwide effort to update both 
physicians and nurses in cardiac care and the use of electrocardiographs. Within a short time, clinical 
specialty organizations developed, led by the Association of Critical Care Nurses. Hospitals redeftned 
themselves into acute, intermediate, and diagnostic centers. The technology used in each depends on the 
acuity level of care, purpose of stay, patient's condition, and diagnosis. The level of acuity of care within 
institutions rose concurrently with the introduction of the machines and materials of technology and the cost 
containment programs of Diagnwis-Rclated Groups (DRGs). As length of patient stay decreased w^th early 
discharge, the use of devices in the home became increasingly common. 



SAFETY ISSUES 
Safety of the patient 
Safety of the Information 
Safety of the personnel 
Saf^ of the device 



A concern about safety and iatrc^enic illness 
grew more apparent (Steel & Gertman, 1981). 
Nursing's contribution to the problem was, at first, 
rarely acknowledged. In 1984, however, 
investigation by the Food and Dnig Administration 
re\^ed nurses to be a prime user of devices in 
hospitals. This finding is not surprising because 
there are almost one and a half million licensed 
practicing nurses in the United States and 
60 percent work in acute care hospitals (American 
Nurses' Association, 1987). 
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Considering that nurses care for patients 
24 hours per day, it is re^Kiily apparent that nurs^ 
are the primary user of medical devices in patient 
care. Hiese iKtivities require that attentimi be paid 
to four safety issu^ Safety concerns of nursing, 
therefore, include that the instrument be safe to 
use on the patent, ati^ that the infonnaticMi 
(4^aii^ be accurate and safe to use for care and 
in caring environments. 

The device needs an informed user for prelection 
from abuse and misuse who can <ktermine and 
describe accurately the elements of malfunction for 
determming wl^ther repair or refdacement is 
necessary. The question then becomes: Can nurses 
address these safety issues? 

THE PROBLEM 

The overall pn^Iem is complex and muhifaccted. Health care, in all of its areas, has embraced 
advances in technology more than any other industry. The intrinsic and extrinsic changes have been quick, 
dramatic, and continuous. With technology feeding science and science generating technology the only visible 
constant is change. Yet^ throughout the process, two stabilizing factors remain: (1) the common basic 
understandings of the involved scientific principles and (2) the need to understand the unique languages of 
the participants. Communication between and among disciplines is essential to insure successful attention to 
the four safety issues. Education of the participants in health care delivery depends upon these 
commonalities for communication. Nurses, as primary users of the technology, need to be able to 
understand and communicate in the lar^age of devices. 

Nursing Education 

Nursing education as a whole was not prepared for the rapidity or constancy of change m the health care 
settings. Change built upon change as long-term plans became yesterday's bondage. Nursing education 
concentrated on developing clinical skills and nursing sdence. Technology entered most schools in the form 
of computers to be used as memory extenders in compiling and analyzing data. The sensor extenders 
(psychological monitors), by contrast, rushed into clinical settings, but ncrt the schools- All schools, however, 
taught about intensive care, which included monitoring and sophisticated treatment devices, concentrating on 
the indicated nursing care. 

Although this action was logical, and even commendable, it negated important aspects of care and 
understandings. In particular, the four issues of safety-safety of the patient, safe to use patient information, 
safety of the persoimel, and safety of the device-were not addressed. The same pattern occurred at both 
undergraduate and graduate levels. A 1980 surwy showed only four graduate programs oflercd courses in 
bioinstrumentation, and the remaining 254 responding coUeglate programs expressed little interest in 
changing this situation. A more recent survey of accredited schools in 1986 (Abbey, DePalma, & Rome, 
1986), showed change beginning at the baccalaureate level, with five of 299 schools reporting an elective 
course specifically in clinical instrumentation. 

An additional 146 programs, 49 percent, noted a course that included an instrumentation component. 
Descriptive course materials (N^106), examined by three raters for inclusion of theoretical principles 
underlying the equipment, showed that emphasis remained on the information ^thered, for example, critical 
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EKG interpretatiosis or uistnimciit-^)e€ific 8et-U(» fcs* hemcxfynamk mcmitonng. General {nimiples cm how 
tl^ mstniment worked or mflaenced the informatioa obCained were lackmg. 



The survey df ^xredUed graduate {^-ognum i\«Aed in a 66 percent reqxmse (50 of 77 programs 
r^onded). Nine oiU 15 sdiools stating th^^ an in^nunettf course was tau^ also s^ OHirse materials. 
Review by three raters sl«)wed that mty two ccntrse ikscri{Akms included um^iyii^ principies basic to 
instrumentation and dinical ctevices. Four course ifesoiptkms, v^ikh suf^XMedly addr^sed in^nunentation, 
did not mention devices^ equipment, mc^csB, or instruments. All coarse material dki, however, emphasze 
nursing care, patk^iU assessmoit, and the cfepemfence oi int^pretaticm and evaluation of patient progress on 
the (4>taiTCd infcHmatkm (AM)ey, DePahna, & R(nne, liffi6). 

The next questicHi is: Do the practidng nurses recopiize a need for further fomal coursework? A small 
expU^atCHy study was dcme to d^ermiro intraest and »q^)«t a course that concentrated on overall 
principles ol medical devices, how thqr wc^ked, tl^ fmrpose for use, (^seratkmal i^ocedures and safety 
concerns in hosfHtals, dinks, and hcnne use (Abbey, DePahna, & Rome, 1986)* Hie que^kmnaire was sent 
to 35 urban and suburt^ ^endes for distr^^Hidcm to three nurses at each sfte. Twenty-six oi tl» 
respondents worked in acute care ch- step down units; niw were nursra involved in home care delivery. The 
educational backgrounds induded eight dipkmia gradu^es, 11 wkh baccalaureate d^rees, and 14 with 
master's degrees. There were no associate degree nurses in this sampte. 

Formal ccmrsewcn'k in the use of instnmients was limited Agency in-service prc^ams taug^ by 
biomedical technicians or manufacturers' refuesentatives were dted as the pdmary s<Kuxes of ^formation* 
The respondents named 77 diffdent instruments used in patient care* Of ti^ 35 returns (777 percent) 34 
felt the need fen* a clinical instnimenfaritm omrse. Fourt^a out ol thi: 15 a^encbs ^reed !o reimburse 
tuition fees ami pay for time off to ^end classes (Abbey, I>ePahna, & R(nne, 1986). 

Tha Settings and the Ptayera 

The interest of home care nurses and the support of their agendes with time and money to learn about 
the devices reflect the mounting changes in home care due to tightening lK)S{Htal bud^ts, increasing avorage 
inpatient severity of illness, earlier discharge to home care or nursii^ hcnnes, and ^velc^mient of treatment 
protocols th^ permit and fadliute the use of complex tedmdogy at home (Abbey, DePahna, & Rome 
1986). Accordii^ to the Secretary*s Comniis&i<ni oa Nurdng (U. S. Department erf Health & Human 
Services, 1988) a 52 percent and 47 percent increase in Medicare-supported home visits and skilled nursing 
units, respectively, occurred between 19S0-19S7. 



Swanson (U. S* Department of Health & aMMMiHiMHnMiHHpBMi^^ 

Human Services, 1^) repwts that due to a growth i^k^sM^ 

in the use of complex technologies, a greater need OT teftCflif OfgW 

oolAs for professional nurse care in ambulato/y ^ mflf0 i^Ml 

settings. The size of the market for home care ^Ig^jf^ 
equipment is estimated at $1 billion to tl6 billion ^^JJJW^^ 
annually f Home HeaHh line. 1986). ^ - "^^^^^^ 

Reimbursement standards lag^ behind 
introductic»i of the eqnifnnent into the inymc. The 

increasing finan da l esqpendUure and risk continues to emphasize the need f<H^ knoi^lei^eaUe user evaluation 
of design and manufacturing reliability for home care. 

Nursing education no loi^ can depend upon the controlled, aq>ert-saturated environs o( hospital in- 
service to teach the use of devices because {H^actice settings are also rhang ing Use of me^fical deuces in 
either hospital or hcmie settings involves many interarticulating groups in implementing safe care. A brief list 



includes manufacturers, supply buyers, regulating agency personnel, bioen^neers, biomedical equipment 
technicians, physicians, nurses, physical therapists, respiratory therapies, nutritionists, infusion therapists and, 
some would say, liatnlity insurers (Home Health line. 1986). These groups all depend upon the knowledge 
and skills of each other to "cto r^ by the patent,** that is, to use the device in compliance with all four 
aspects of safety in caring for the sick and infirm. 



teelmetogy, ftMs to urtcterate 
of th« devices. 



At the interface between uscr-machine-patient, 
the acute care setting differs greatly from the home 
care settii^ In the hospital, trained personnel use 
tl^ equipment (m very ill patients. In the home, 
the patient and family members govern use. In the 
hospital, malfunctioning instnmients are replaced 
i^^H^M^^MHVMMHMMiM^M^^^^^^^H rapdly by experts. In the home, where failure can 

be just as life threatening, su{^XHt services are tuA 
usually ^ readily available. The contra^ beccmies apparent when access to resources is compared The 
lK)spital is a contrcrfled environment with ready availatnlity of a variety of knowledgeable, experienced 
profe&sicmals. The home lacks constant access to the widefy experienced professional. In the hospital, nurses 
are a primary ugfit <rf devices; in the home, nurses are the primary teacjhcy of patient users. In either case, 
nurses require knowledge of principles, experience, and use of devices to be able to incorporate technological 
advances into both practice settings. 



SAFE USE MEDICAL DEVICES 



As medical devices for diagnoses, therapy, monitoring, and recording move into all health care settings, 
changes occur in the roles of the care*giving personnel New responsibilities replace and/or are added to 
old Patient responses and the oqiectations of society modify. Educational requirements alter upon 
reevaluation. The language of each disdplii^ incorporates new t«jtes from different perspectives, bias, 
knowle<^ base, interest, and purpose, The solution to the {M-oblems caused directly or indirectly by the 
introduction of technok^ as Dyro (1983) (^r^^ "are to be found in technology catching up to itself." 
The remark pertains with equal import to health care disciplines, which also mu^ catch up with themselves 
as the incorporation of technology outdistances the care givers. 

The use of devices is currently taught to health care professionals primarily by in-service training 
provided by the manufacturer's representatives, employers through biomedical technicians for use on specific, 
recently purchased equipment, or continuing education. The major difficulty in each of these methods is thai 
the learners lack a craiparable knowied^ base. Experience, educational preparation, and goafs arc 
disparate even within a specific class. Yet, all partidpanL^ have a serious intent and need to know how to 
use the deuces correctly. 

As creator of the device, the manufacturer develops information about its construction, performance, 
quality, purpose, design specifications. The manufacturer also j^rforms the initial clinical testing and secures 
Food and Drug Administration approval. The manufacturer is thus the only source of information and is 
responsible for addressing the four safety issues. The labeling and insifuction manuals must be 
understandable to all groups of users. 

The sequence of introduction logically flows from manufacturer to his representative to, in some cases, a 
supplier, to technician, to user. The user can hr jiyone who uses the devi<:» for information or treatment^ 
sudi as nurse, doctor, therapist, family member, or patient. The sequence is one of teadier-leamcr-teacher 
as one participant shares knowledge about the equipment vrilh the next member in the chain. Each person 
possesses different knowledge, experience, purpose, and need. The language and communication, therefore, 
chan^ as the information is shared and modified according to the knowledge base transition and the goals 
of the partidpant*teacher and the participant-learner. These content and purpose levels have not been 



defiocd for all devices nor used by the manufacturers in instructional manual. To date, such delineation is 
not readily available for designing instnidion. 



Starting in the early 1980s more reports of iatrogenic effects of devices began to appear (Dyro, 1983; 
Agarwall, 1980; & Amundson, 1%5). Lack of experience in the medical and nur^ng staff was found by 
Abramson et al (1980). The problem most often cited, however, was lack of formal education for nurses 
(Harton, 1982; Abbey & Shepherd, 1989; Uiiihan & Abbey, 1978; Dyro, 71983; Smith & Brdlik, 1985). 
Thus, maximizing safe use of medical devices, is predicated on: 



1) Developing a means of device content organization that could be used by all members of the 
participant chain from manufacturer through maintainers and r^ulators to users; 

2) Delineating levels of content appropriate to teacher's-leamer's purpose and need to know; 

3) Incorporating scientific principles into instructional design to afford a common language for 
communication and improved capability for under^anding the omnipresent advances and 
change; and 

4) Providing opportunity for pradice with component parts of equipment to develop skills because 
use of technology is the use of tools. 



DEVELOPMENT OF THE MODEL 



The Center for Devices and Radidc^cal Health of the Food and Drug Admini^tion (FDA) began in 
1984 to study the role that user-errOT i^ycd in the {H-oblem of safe use (rf devices. Upon reviewing the 
literature. Smith and Brdlik (1^5) found a lack in academic preparation of the principal users c( the devices 
to be a frequent factor. That same year, the Naticmal Student Nurses' Association passed a resolution to 
" , , . support the inclusion of bask {nindples <rf biomedical instrumentation and technology as part of the 
undergraduate curriculum in nursing ..." (National Student Nurses' Association, 1985). 



The FDA held an invitational meeting on 
Nursing and Medical Devices in March 1986 to 
develop an understanding of device-related injuries 
and deaths, to identify factors that interfere with 
safe and effective use of devices, and to devek^ 
strategies to address those fa€t(»rs. The meeting 
was attended by 50 representatives CrcMn nursing, 
medicine^ home care^ the h(»{Htal assodatira, the 
medical device manufacturers' association, and 
other involved groups from the private and 
governmental sectors. 
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Steering and planning committees selected from attendees met throughout 1986 and 1^ to determine 
further actmty in addressing the problems associated with safe and effective use of devices by nurses and 
other heahh care professionals. A second invitational meeting was held in 1988 to address the educational 
challenge to nursing by the movement of technolc^ into health care. The FDA Nursing and Medical Etevice 
Committee identified the characteristics and deGned criteria for an education model for dewces. The model 
should address cost efTe<livcness and risk. It should facilitate learning specifics of the devices. 

The AW>ey-Shcpherd Device Education Model, designed for the second conference, is based upon these 
criteria. It is intended to be used to introduce device-spedfic content into ongoing curricula in an orderly 
progression. As such, the model is a mechanism for content organization and integration into mcreasing 
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tevels of complexity acoH^ding to purpose and Deed. 
A Aep-hy-Aep vac d the model is jmblished in the 
Plaitf TechncAc^ ami Safety Mani^ement Seri^ of 
the Jcnnt Ccmimissi^m on AccreditiUicm of Health 
OfganizatkMis (Shepl^tl & Abbey, 1989). 
Exampfe« of model (kvetopment are also included 
in the FDA conference pfoceedings (U. S. 
Department o( Health & Human Sauces, Food & 
Drxkg Administraticmy 1989). This model will need 
testing by all levels of nursing education, including 
in-service and continuix^ education. 

By ap{»roaching tl^ jvc^lem with the input and 
apfHtival d[ representatives frcmi the ccHicemed, key 
OTganizations that deal wUh devices in l^th care 
delivery, the model, in fact, does address the 
interdisciplinary language {Hx^blem du-ectly. By 
recognizing that nursing is the prime user of this 
technology and, therefore, at risk of contributing to 
patient iatrogenic incidents through misuse and lack 
of knowledge, the parameters of the problem 
become visible. By defining what is necessary to 
suppoit teachid^ the coiUent and providing 
opportunity to dollop skills in using the 
technology, the sdution beccMnes possible. 

The problem by its very natitre demands 
action. Technolc^ and science generate 
expectation and hope in both the receivers and the 
givers of health care. As such, resources flow 
toward promises and results, from both private and 
governmental sectors, Implostve and explosive 
changes occur within health care and in the markct- 
pbcc with ever-increasing speed. Nursi;^ cannot 
maintab its position in health care without 
incorporating the visions and rules of science. 
Nursing will be crippled, bdeed, if it does not fully 
access the information tools of technology as slaves 
for intellectual growth. 



Cars of kiatamtant 



A paper presented at the 1990 antmai meeting of the Southern Council cm CoUepate Education for Nursing. 
The SMthem Qmncil m CoUeffote Education for Nursing fSCCEATj. in affiliation with the Southern Regional 
Eibicatkm Board (SREB), engages in cooperative planning and activities to strengfhen nursing education in 
colleges and universities in the South. Contact' Eula Aiken, Executive Director (592 Tenth Street, N. 
Atlanta, Georpa mi&Sm). 
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